rity, privacy and other design considerations. Applications, standards and architecture are under active development in order to create a roadside-based network delivering lowlatency, highly reliable data communications to support safety and mobility services to users. The coverage would be extensive: the proposed VII system has the potential to cover all urban roads within 2-minute travel times and 70% of signalized intersections in 454 urban areas, while up to 15 new million vehicles per year would be DSRC-and therefore VII-equipped.
I
n recent years, much attention in the field of ITS has been devoted to conceptualizing and starting development of Vehicle-Infrastructure Integration (VII), which would provide new vehicles with the capability to communicate data with each other and with roadside transceivers located throughout the roadway network. The bulk of the Federal VII activities have been focused on defining an overall architecture and the wireless vehicle-infrastructure communication link, while exploring the institutional challenges to deployment. This article brings a somewhat different perspective to VII by focusing on the real-world challenges that have been encountered and overcome in implementing the first VII testbed environment in California. It is important to understand these practical aspects of installing, operating and maintaining the VII communications infrastructure when developing plans and cost estimates for large-scale national VII deployment. Lessons learned from the initial VII California testbed development and operations are provided in the hope that they can contribute to decisions about VII design and development.
Motivation and Introduction: Understanding, Testing And Deploying VehicleInfrastructure Integration
Since the initial thinking about Intelligent Transportation Systems (ITS), the vision of the Intelligent Vehicle-Highway System has been founded on the notion that vehicles and the roadway infrastructure would function as a well-integrated road transportation system. The National ITS Architecture institutionalized this in a broad sense, showing how data could be exchanged among vehicles, local roadway infrastructure, information centers and travelers. More recently, the VII initiative has been defining a specific approach to providing localized communication between vehicles and the roadside with the high bandwidth, low latency, and high reliability needed to support safety applications.
The prospect of vehicles and the roadway infrastructure connected via wireless communications offers both opportunities and risks since a large-scale information system such as this has never before been attempted by the surface transportation community.
Vehicle-Infrastructure Integration (VII)
The VII system in the United States would be enabled by roadside wireless hotspots generated by Dedicated Short Range Communication (DSRC) transceivers operating within 75 MHz of free, FCClicensed spectrum near 5.9 GHz. These transceivers will be incorporated in Road-Side Equipment (RSE), which will be connected by backhaul communications into a network architecture that addresses secu-rity, privacy and other design considerations. Applications, standards and architecture are under active development in order to create a roadside-based network delivering lowlatency, highly reliable data communications to support safety and mobility services to users. The coverage would be extensive: the proposed VII system has the potential to cover all urban roads within 2-minute travel times and 70% of signalized intersections in 454 urban areas, while up to 15 new million vehicles per year would be DSRC-and therefore VII-equipped.
To assess the feasibility and desirability of VII, many technical, economic and institutional questions need to be answered. Considering the magnitude of the commitments that will be needed by a wide range of public and private sector organizations in order for VII to be deployed, these questions must be answered very convincingly before deployment can proceed.
VII California
Lessons for deployment might be learned from regional efforts, notably in Florida, Michigan and California and most certainly in the forthcoming US DOT VII Proof of Concept experiments. The effort in California, called VII California, provides the basis for this article. The VII California testbed was established to understand VII and how it can:
• Better manage the safety and productivity of the surface transportation system; • Combine the resources, expertise, and innovations of the public sector, the auto industry, aftermarket suppliers, and other private sector participants for the benefit of the traveling public.
• Build upon California's considerable existing ITS infrastructure investments; and • Create opportunities for innovation in the transportation system, exploring commercial uses of the system to fund its deployment and operation.
In order to accomplish these objectives, the VII California testbed is under development. As illustrated in Figure 1 
VII California Testbed Design Elemental Building Block within Network: Roadside Equipment
The hardware experience accrued in developing the VII California testbed focuses on the RSE and its connection to the existing Caltrans roadside equipment and their function. The RSE is the basic infrastructure building block for VII. Each RSE serves as an in-the-field gateway between locally transmitted vehicle data and the roadside communications infrastructure. At top level, an RSE is a computer with a radio transceiver and an antenna. The computer must have sufficient processing and storage capability to run a gateway application between its two network interfaces, DSRC and backhaul (to the Traffic Management Center and other servers), and to run additional local safety processor software, with data filtering, buffering, aggregation, and formatting, as needed, and illustrated in Figure 2 .
continued on page 4 C alifornia is in the midst of a demographic transformation. According to the 2000 U.S. Census, nearly 30 percent of the California population is now foreign-born, and the state has no single ethnic or racial majority. Demographic forecasts suggest that these patterns will continue: California will continue to attract immigrants from throughout the world and will become increasingly diverse, racially and ethnically. This demographic transformation raises an important question for transportation planners in the state: How can we ensure that transportation systems and services adequately meet the needs of an increasingly diverse population? To answer this question, planners need a firm understanding of the travel behavior of immigrant groups and other selected demographic groups taking into consideration cross-cutting demographic characteristics.
In this project, we explore the needs, constraints, attitudes, and preferences that influence travel choices and the outcomes of those travel choices for immigrants in California. Our research has three components: (1) 
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A schematic of the VII California connected RSE, residing within a traffic controller cabinet, is shown in Figure 3 .
The hardware is split into two main clusters. One resides in the roadside cabinet and the second in a separate weatherproof enclosure. This design minimizes the length of the 5.9 GHz antenna cable to maximize signal strength. Some installations require a separation of up to 200 feet between the existing roadside cabinet and the location where the 5.9 GHz antenna needs to be in order to provide coverage of the approaching roadways. Figure 4 illustrates a typical RSE installation.
Network: Transport Layer
A major goal of the VII California testbed is to support an initial set of applications, including probe vehicles, public information providers, and bidirectional non-public services (such as navigation and tolling). The testbed has been used as a development laboratory, with experiments and small-scale demonstrations of these applications conducted with public and vehicle manufacturer partners, starting with the 2005 ITS World Congress and continuing through the TRB ITS, Vehicle-Highway Automation and Traffic Signal Systems committee meetings in 2007. Use of this testbed has exposed a number of issues for future VII implementations and has motivated development of a message transport layer built on top of IP networking, a set of VII application servers, in-vehicle libraries, and administration tools. Certain aspects of a complete VII architecture are not fully addressed by this prototype software, including security, scalability, and conformance to emerging national VII standards. 
Testbed -Installation, Operations, and Maintenance Issues

RSE Installation Hardware Issues
The installation process consisted of surveying potential sites, pre-installation infrastructure work if needed, physical installation, and on-the-spot testing and troubleshooting upon completion of the installation.
Multiple survey trips were taken by engineers and researchers and the infrastructure owner and operator (Caltrans) to identify potential sites for RSE installations. This included examining:
• Line of sight issues and potential placements for DSRC antennae • Placement of RSE • Space availability in controller cabinet • Investigation of backhaul • Use of bucket trucks In some cases, it was necessary to perform pre-installation infrastructure work on the chosen site. This work could include a variety of improvements to the existing infrastructure to prepare for the actual installation, such as erection of a pole, installation of pull boxes and conduits, or running cables through the existing conduits to make sure there is enough space within them.
At the conclusion of the physical installation, a complete test had to be performed to make sure the system was up and running. This was usually done via a laptop computer with DSRC radio that simulates an OBE by sending and receiving data from the RSE. Table 1 provides actual costs for a typical RSE installation using current-generation equipment along Caltrans right of way. The use of MCNU RSUs (the latest generation of DSRC radios) has been approved for installations that will be used during the Proof of Concept (POC) phase of the National VII program, but the purchase cost of the MCNU is not included in Table 1 . The costs in Table 1 are associated with installations where the controller is the widelyused Type 170.
Installation Cost
This shows a parts cost of ~$4,600 per RSE installation, exclusive of the cost of the DSRC radio itself, plus an additional ~$12,000 to ~$13,500 in labor costs for these early installations. Each installation takes about a week of preparations and one full day to physically install and test an RSE by a crew of three to four maintenance workers and two engineering staff. In the long term, when RSE installations are done in large volume, the parts costs are unlikely to decline significantly since these are already relatively common parts rather than custom-built equipment (except, of course, for the DSRC radio). The labor costs could be expected to decline significantly, except for the unavoidable installation and testing labor.
Hardware Maintenance
After two years since the installation of the first RSE, the research team has gained valuable insights about maintaining RSEs in the real world. Lessons learned are described below.
Reliable and current information is essential to maintenance. To assist in rapidly acquiring and assimilating information about our testbed, we developed a set of software components that run constantly on the RSE hosts and on a designated server. The RSE host components measure the status of the RSE and send reports to the server, which can help diagnose (and even predict) failures. The information includes:
• Temperature, fan speed, and voltage in the RSE hosts.
• Backhaul and DSRC network data rates -actual traffic and maximum capacity.
• Packet loss on network segments.
• Host computer status, such as CPU and disk usage.
• Status of devices connected to the host computer.
• VII application status and performance (number of messages, message queue lengths).
• Configuration settings of various components.
The specific maintenance issues that we have encountered so far include failure of fiber converters due to thermal issues, animal damage, local maintenance crew's unfamiliarity with the RSEs and failures of the cellular modems.
Institutional Considerations
The cooperation of the owner agency, in our case Caltrans District 4 Maintenance, is essential to get any failed RSE back up and running in a reasonable time. The access to the right of way, controller cabinet and infrastructure is only possible if the owner agency's representatives are present. Thus no repairs or regular maintenance can take place without their direct support.
Implications for the Future Hardware
From what we have learned thus far, the design of the RSE must be compliant with all national and local standard specifications and requirements. It should take into account the ease of installation and later on the ease of access to components for repairs and routine maintenance. If the owner/operator of the RSEs finds it troublesome to keep up with its repair and maintenance, and if the data obtained from the RSEs are not reliable and data flow is not continuous, then RSEs become a burden and lose their utility.
It is best that the system be designed in such a way that repairs and regular updates for software in particular can be done remotely or from a local wireless connection between a laptop computer and the RSE site in a way that also maintains security.
Backhaul Options
Since the installation of our first RSE, we have tried a variety of backhaul options, some using landlines like T1 and some using wireless. The availability and dependability of each backhaul option is a local issue. The fixed and monthly cost of service is a function of the bandwidth and the competition among the service providers. Another local issue is the pre and post installation level of service that one might get from the service provider. Table 2 shows telecommunication transmission costs and bandwidth for the backhaul alternatives considered by VII California.
Institutional Issues
Like any other new addition to existing systems, the inclusion and acceptance of RSEs as a standard traffic engineering device presents a series of challenges. The main challenge is to get the local agencies to buy into its usefulness in meeting their needs. Each infrastructure owner, whether it is state DOT, county or city can each possibly have different specifications and standards, presenting a challenge for future installations. A robust design that can satisfy the specifications and meet the standards of these diverse owners can be the answer.
Summary of Key Lessons Learned
The experience of implementing the first RSEs in the Bay Area has provided some important lessons that should be kept in mind when planning for the national VII deployment and estimating its costs:
• The large majority (almost 90%) of the candidate locations for VII testbed RSE installation were not already equipped with landline backhaul connectivity. Nationwide VII implementation is therefore likely to require significant investments in backhaul communications.
• The selection of backhaul technology for the RSE installations had to be made on a site-by-site basis, meaning a wide variety of backhaul technologies must be available.
• Over time, multiple versions of RSEs are likely to enter the market. It is imperative that they all work together transparently for the equipped vehicles.
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Future Directions
The VII California testbed is expanding, with a network of DSRC roadside units (12 at this writing, with plans for up to 40), applications with on-board equipment (on light duty and transit vehicles), and a backhaul network (with heterogeneous backhaul links including T1 landline, 3G modem and soon coming online, WiMAX). Strategic outreach efforts are underway to bring onboard a variety of public and private entities that can benefit from and provide benefits to this project. Development and operation of this testbed has provided a wealth of technical and institutional knowledge in several domains: hardware and software on one hand, and installation, maintenance and operations on the other. Issues that have been encountered and resolved include: agency cooperation by different divisions that were not involved with the initial decision to conceive this project; and installation, maintenance and operation under practical operational constraints (standards of practice and codes, use of legacy systems on the roadside and to transport data via heterogeneous means to 'back office' operations). Significant network and architecture issues remain. The VII California implementation is admittedly experimental and designed to expedite applications development and experiments, but the questions asked and solutions implemented with regard to architecture and distribution of intelligence to the roadside are important to consider as part of the larger VII picture.
These lessons learned will be brought to more mature practice as the VII California testbed transitions from an experiment of VII applied to state and regional needs toward informing national-level decisions. However, the increase in transit commuters has not kept pace with the growth in the California population. Similarly, the increase in immigrant transit commuters, while significant, has not kept pace with the growth in the foreign-born population. Consequently, immigrants are less reliant on public transit than they were in previous decades -11 percent in 1980 compared to 8 percent in 2000. The decline in transit use among immigrants can be explained by two trends: (1) the rapid assimilation to auto use with years in the U.S. and (2) the decline in transit use among recent immigrants to California.
Despite these trends, transit commuters are disproportionately immigrants. Forty-seven percent of all transit commuters in the state are foreign born.
Autos
The car is the most important means of transportation for immigrants; nearly two-thirds of all immigrants use single occupancy vehicles as their primary commute mode. Car usage varies by country of origin. Some immigrant groupsimmigrants from Iran (94%), Korea (94%), Vietnam (93%), and Taiwan (93%)-travel by car in rates higher than U.S.-born commuters (91%). Other immigrant groups-particularly immigrants from Latin America-are less reliant on cars. For example, only 75 percent of Guatemalans and 83 percent of Mexican immigrants rely on cars.
Overall, newly arrived immigrants are more highly transit dependent than U.S.-born commuters. However, they assimilate to autos quickly once in the U.S., and much of this assimilation occurs after the first five years in the U.S. The rate at which immigrants assimilate to auto use varies by race and ethnicity. Hispanic immigrants most quickly assimilate to auto use; however, their rates of transit use are so much higher than for other racial and ethnic groups that they remain more likely to use transit than U.S.-born white commuters even after 20 years in the U.S. In contrast, after five years in the U.S., Asian immigrants are about as likely to commute by transit as U.S.-born white commuters.
Findings from exploratory research on Mexican-immigrant travel help to elucidate the trend in auto assimilation. For this group, the car is an important and necessary mode of transportation -auto access means more freedom, more job opportunities, and a better quality of life; for some it is a symbol of greater social status. Cars are also essential for commutes to work in industries that involve variable work sites (e.g., construction), the need to carry equipment (e.g., landscaping), and early or late shifts (e.g., service work).
Having children also adds to the need for a car.
Auto access is not a simple yes/no situation. Those living in households without a car often get rides from others or borrow cars, and few are truly transit dependent. Conversely, living with someone who has a car does not guarantee access to that car. Mexican immigrants who know how to drive sometimes borrow cars, but they often feel uncomfortable asking and worry about getting into accidents, having the car confiscated if pulled over, or having a breakdown.
Mexican immigrants with limited car access find it difficult to get to healthcare facilities, out-of-town destinations, recreational places, and any destinations at off-peak times; they spend more time commuting, and their employment and educational opportunities are more limited. car access may affect women and children, in particular, who have to find alternative modes of travel when their husbands take the car to work.
Barriers to auto access include the costs of buying and maintaining a car, inability to get a driver's license, risk of vehicle confiscation, inability to get insurance, and having no way to learn how to drive.
Public Transit
Transit plays a critical transitional service for immigrants, especially their first five years of living in the U.S. Moreover, although recent immigrants rapidly transition to auto commuting, many-particularly Hispanic immigrants-remain reliant on transit many years after immigrating to the U.S. Consequently immigrants transit-commute at rates twice that of U.S.-born commuters -8 percent compared to 4 percent. Transit usage varies by country of origin.
Given these figures, it is not surprising that a disproportionate percentage (47%) of transit commuters are immigrants. And in some metropolitan areas this figure is much higher. For example, in Orange and Los Angeles, immigrants comprise two-thirds of all transit commuters.
The focus group and interview findings on Mexican immigrant travel suggest that transit plays an important role for meeting transportation needs for daily activities in addition to commuting to work. They appreciate many qualities of transit, including the low cost compared to driving and comfort in comparison to walking.
The research with regards to Mexican immigrant travel also indicates that the disadvantages to transit include the transit fare costs of traveling with children, difficulty traveling with packages, lack of safe and comfortable shelters, lack of safety on buses, long waits, and limited schedules and routes. Unreliability and limited service hours are of particular concern for immigrants using transit to get to work. Women in particular are concerned with safety at stations, treatment by bus drivers and passengers, and inability to communicate in English.
Carpooling
Carpooling is an important commute mode for immigrants in California -nearly twice as many immigrants (22%) as U.S.-born persons (12%) rely on carpooling as their primary commute mode. Carpooling also varies by country of origin. Among the top ten immigrant groups in California, Mexican immigrants use carpooling the most (29%) and Iranian immigrants rely on it the least (11%).
The rates of carpooling among immigrants decline with years in the U.S.; but after 20+ years in the U.S., Hispanic and Asian immigrants carpool at rates higher than for U.S.-born whites. Carpooling rates among Mexican immigrants vary across metropolitan areas and are highest-at least in the first 5 years-in Fresno and Orange Counties-both metropolitan areas with limited public transit networks.
Findings from exploratory research on Mexican-immigrant use of carpools reveal that carpooling is often preferable to taking public transit for commuting to work for reasons of reliability and speed, as well as comfort. In addition to work, carpools are organized for traveling to large supermarkets, flea markets, churches, and other destinations. However, depending on others for rides may be problematic with respect to discomfort in asking for a ride, a sense of indebtedness to others, unreliability of the driver, and the risk of a breakdown or being pulled over while on a trip made on the passenger's behalf.
Walking/Biking
While few immigrants report walking as their primary commute mode -3.5% of immigrants versus 2.8% of U.S.-born persons -walking is still an important alternative means of travel, particularly for non-work travel.
The focus group and interview findings indicate that walking is an important mode for Mexican immigrants, especially those with limited access to cars, and is used to get children to school, go to the park, and do limited shopping. For this group, walking is seen both as a way to save money and a way to get exercise, but it only works when destinations are close. A lack of safe sidewalks, speeding in residential areas, and a lack of safe signal crossings are deterrents.
Some Mexican immigrants rely on biking to save costs or when transit service is not available, but barriers to bike travel include lack of bike lanes, difficult road conditions, and hot weather.
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Commute by Carpool We find that only 13 percent of the U.S.-born population lives in the densest neighborhoods compared to almost 30 percent of immigrants. These dense urban areas also tend to be neighborhoods with extensive transit networks and service. However, with time in the U.S., immigrants are more likely to live outside of the central city in neighborhoods where transit service is more limited.
Immigrants are more likely to choose alternative modes of travel than U.S.-born commuters regardless of metropolitan area. But the rates at which they rely on alternative modes of travel-and substitute one mode for another-vary by metropolitan structure. There tends to be less variation in transit commuting between immigrants and U.S.-born commuters in dense metropolitan areas, where transit use can more easily substitute for driving than in more spatially dispersed areas where using transit is far less convenient. In Los Angeles, even Mexican immigrants with cars made regular use of transit; in San Jose and Fresno they did not.
For Mexican immigrants, land use plays an important role by determining the distances from home to destinations, including work and others, as well as the quality of travel by alternative modes. Long distances are often cited as a reason for needing a car or getting a ride. For nearby destinations, the quality of the built environment influences the safety and comfort of walking. For immigrants without car access, having destinations within walking distance adds to their quality of life.
Issues and Strategies
Our findings point to two general strategies for improving the degree to which the needs of California's immigrants, particularly those from Mexican, are met. The first strategy is to make car travel more attainable, the other is to enhance the quality of transit service.
• Make car travel more attainable. In most neighborhoods cars are the preferred mode of travel as they allow convenient access to numerous destinations. Yet many immigrants arrive in California having had little driving experience or without the ability to obtain a driver's license. Particularly in neighborhoods outside of the central city, automobiles provide immigrants with better access to jobs and services and should be promoted.
• Enhance the quality of transit service. Public transit is a critical service in helping new immigrants transition to life in the U.S.; many immigrants enter the U.S. through ports of entry located in the central city where public transit works best. In these neighborhoods that transit agencies may see the need for additional service.
In less densely population areas, transit service is still important to immigrants whose access to cars is limited.
These strategies are not necessarily incompatible, and indeed efforts in both areas would only improve conditions for immigrants. However, if lean budgets should limit these efforts, then there are reasons to give priority to transit service. Transit commuters are disproportionately immigrants; without them, the number of transit commuters in California would be at least half of what it is today. But transit agencies may are likely to face a decline in transit ridership in the future due to (a) the projected slowing of immigration to California combined with (b) the assimilation of current immigrants to auto use. Declines in ridership make it hard to maintain quality of service, let alone improve it. But improving transit service is important not just from the standpoint of meeting the needs of immigrants. The combination of rising gas prices and new environmental policies (such as the California Global Warming Solutions Act) magnify the importance of providing alternatives to driving for all residents of California.
These alternatives should include walking and bicycling as well, both important modes for immigrants and often used in conjunction with transit. All of these modes need supportive land use patterns to be viable. Many communities in California have adopted policies that help to change land use patterns in ways that are more supportive of transit, walking, and bicycling. Examples include smart growth policies and transit-oriented development programs. These efforts, though directed at much broader societal and environmental concerns, may help to address the mobility needs of immigrants as well. In addition, communities might consider land use strategies targeted specifically to immigrants.
•
